The epididymal duct unit, comprising the ductus conjugens, ductus epididymidis and ductus deferens, was studied histologically, ultrastructurally and immunohistochemically in five sexually mature and active birds. The main morphological features of the pre-dominant nonciliated (type III) cell of the epithelial lining of this duct unit include, but are not limited to, a moderately abundant smooth or sparsely granulated endoplasmic reticulum, electron-dense secretory granules and numerous mitochondria in the supranuclear zone of the cytoplasm. A single, large heterogeneous lipid droplet, of unknown function, was characteristically situated immediately proximal to the nucleus. The epithelium is obviously secretory and specifically, of the merocrine, and not apocrine, type of secretion. The epithelium of the epididymal duct unit was only focally and weakly to moderately immunopositive to both actin MF and desmin IF, while the duct unit was immunonegative to cytokeratin and vimentin intermediate filaments.
Introduction
The excurrent ducts of the testis have attracted attention recently because of their role in the maturation, viability and fertility of spermatozoa as they transit through the ducts (Turner, 1991; Hinton and Palladino, 1995; Janssen et al., 1998) . Each of the excurrent ducts seems to function in a specific or complementary role, as they, collectively, create a number of microenvironments through which the spermatozoa pass (Turner, 1991) . For example, the reabsorption of most of the testicular fluid that enters the duct system occurs in the efferent ducts in mammals and birds (Crabo, 1965; Clulow and Jones, 1988) . It is now established that this function of the efferent ducts is indispensable for further maturation and viability of spermatozoa in the mouse (Hess et al., 1997) . Although not much is known about the specific roles of the epididymal duct and ductus deferens in birds, about four Wolffian duct proteins bind to spermatozoa as they pass through the epididymis and ductus deferens of the rooster (Esponda and Bedford, 1985; Morris et al., 1987) . It is noteworthy that epididymal proteins are order-specific in birds (Esponda and Bedford, 1985; Morris et al., 1987) .
The epididymis of birds comprises a maze of ducts, including the rete testis, efferent duct or ductuli efferentes, connecting duct or ductus conjugens and epididymal duct or ductus epididymidis. The connecting ducts are short and link the efferent ducts to the epididymal duct, whose distal continuation is termed the ductus deferens. The connecting duct, epididymal duct and ductus deferens are lined by a similar, if not identical, epithelium, and therefore, constitute a functional unit (Tingari, 1971 (Tingari, , 1972 Aire, 1979) which according to Tingari (1971 Tingari ( , 1972 are merely different segments of the same organ; an organ equivalent to the epididymis of mammals. Aire (2007) has therefore proposed that these ducts be collectively known as the epididymal duct unit, in birds. This duct unit constitutes about 74% of the entire excurrent duct volume in the Japanese quail (Clulow and Jones, 1988) . In a preliminary study, on the ostrich epididymis, both the connecting and epididymal ducts account for about 26% of the epididymal volume, as against about 10% for the domestic fowl, 4% for the Japanese quail and 9% for the turkey (Aire, 2007) . The significance of this great disparity in duct volumetric proportion in favour of the ostrich is not understood. The rete testis, efferent ducts and epididymal duct unit of mammals demonstrate actin microfilaments, as well as cytokeratin, desmin and vimentin intermediate filaments, both in the ducts and in the periductal smooth muscle cell layer. The immunohistochemistry of microfilaments and intermediate filaments in the reproductive organs and tracts of mammals have received recent attention, but their roles are still speculative (Kasper and Stosiek, 1989; Dinges et al., 1991 and Wakui et al., 1994) . However, the normal structural and immunohistochemical features, other than the structural features of the rete testis (Aire and Soley, 2003) and the efferent ducts (Ozegbe et al., 2006) , of the epididymis of the ostrich have not been determined. This paper sought to contribute to filling this gap in our knowledge, especially in a primitive and highly economic bird, such as the ostrich whose low fertility is a concern to ostrich farmers (Deeming and Ar, 1999) .
Materials and Methods
Tissues of the epididymis as well as ductus deferens from five sexually mature and active ostriches slaughtered at local abattoirs were fixed by immersion in either Bouin's fluid or 10% buffered formalin or 3% glutaraldehyde buffered in either Millonig's buffer or sodium cacodylate buffer. The Bouin's fluid and formalin-fixed tissues were processed for light microscopy, using standard, conventional methods. Appropriate glutaraldehyde-fixed tissue blocks were subsequently processed by standard methods, through secondary fixation in osmium tetroxide, dehydration through a graded series of ethanol, and subsequent embedment in resin. Sections of 1 m thick were cut and stained with toluidine blue for light microscopy. Ultra-thin sections were cut, stained conventionally with uranyl acetate and lead citrate and photographed in a Philips electron microscope. The Bouin's fluid-fixed as well as the formalin-fixed tissues were processed routinely and embedded in paraffin wax, for histology and immunohistochemistry, respectively.
For immunohistochemistry, sections of 5 m thick of formalin-fixed, and paraffin-embedded tissues were cut and mounted on slides pre-coated with polylysine, deparaffinized, rehydrated and then heat-treated for antigen retrieval. The sections were incubated for 5 min in hydrogen peroxide (3% in distilled water) to reduce endogenous peroxidase activity. The slides were then rinsed in a 0.01 m phosphate buffer saline solution (PBS, pH 7.4), containing bovine serum albumen, for 5 min to block non-specific binding sites. Immunostaining, for 30 min at room temperature, using the LSAB-plus kit (Dakocytomation, Glostrup, Denmark) monoclonal antibodies against smooth muscle actin, cytokeratin, desmin and vimentin (at dilutions of 1:50, 1:100, 1:300 and 1:100, respectively) was performed on the slides. Thereafter, the slides were rinsed in PBS. Biotinylated secondary antibody (LSAB-plus kit; Dakocytomation) was applied to the sections for 15 min in a humidified chamber at room temperature, and followed by streptavidin component of the LSAB-plus staining kit for another 15 min. Immunoreactivity was visualized after the addition of a substrate solution, NovaRED TM (Substrate kit SK-4800; Vector ® Laboratories Inc., Burlingame, CA, USA) and sections were counter-stained with haematoxylin. Negative controls involved the primary antibody replaced by bovine serum albumen. Smooth muscle was used as a positive control for both desmin and smooth muscle actin, whilst tonsillar tissue and skin were used as positive controls for vimentin and cytokeratin, respectively.
Results and Observations

Histology and ultrastructure
The connecting ducts are found in scattered foci throughout transverse sections of the epididymis, and their epithelial height varies considerably. The epididymal duct occupies the medial border of the epididymis, and is wavy in outline. The ductus deferens extends this unit distally, as it courses caudally, in progressive waviness and increasing duct diameter. The columnar epithelium of all three segments of this duct unit comprises non-ciliated cells (nonciliated type III cells of Aire, 1979) and basal cells (Fig. 1) . The euchromatic nuclei of the columnar cells are generally oval to elongate in shape and contain one or two free nucleoli.
Ultrastructurally, the non-ciliated (NC type III) cell (Aire, 1979) is very long and narrow, with the width of both the nucleus and cell being very close (Fig. 1) . Most of the cytoplasm of the cell is supranuclear (Figs 1 and 2) . The relatively euchromatic nucleus is elongated along the long axis of the cell, is situated towards the basal part of the cell. A single relatively large, heterogeneous lipid droplet regularly occurs, just proximal to the nucleus (Figs 1 and 2 ).
There is a moderate abundance of profiles of smooth endoplasmic reticulum (SER) and sparsely granulated endoplasmic reticulum (SGER) throughout the cytoplasm in the supranuclear region of the cell (Fig. 2) . Occasionally, a NC cell displays more profiles of dilated SER and SGER containing a flocculent material, than are to be found in most of the other cells (Fig. 2) . Profiles of SER and SGER are few in the infranuclear parts of the NC cells (Fig. 4) . Profiles of rough endoplasmic reticulum (RER), in their characteristic features are few and inconspicuous. The Golgi complex, in the supranuclear region, is very well developed and comprises four saccules (Fig. 2) which, on the trans-Golgi zone bud off several vesicles containing electron-dense material (Figs 2 and 3 ). Several dense, round/oval, membranebound bodies, akin to secretory vesicles, are scattered throughout the supra-Golgi region of the cytoplasm. A number of smooth-walled vesicles containing inspissated electron-dense content may also be seen in the subapical zone of the cell (Fig. 3) . Several of these two types of vesicles seem to approach the apical plasmalemma. Mitochondria of varying profiles are moderately numerous in the supranuclear and infranuclear regions, and their cristae are embedded in a dense matrix (Figs 2-4) . The apical cell surface bears numerous, regular, short microvilli, and a few apical pits may be seen (Figs 2 and 3) . The lateral plasmalemma is usually regular, and only slightly folded basally (Fig. 4) .
Basal cells, usually rest on the basal lamina, and are surrounded by one or more NC cells. They increase in number proximo-distally, being, therefore, most numerous in the ductus deferens. The nuclei of these cells are longitudinally elongated and irregular in shape. The organelle content of the cell is sparse and consists, mainly, of small mitochondria, a small Golgi complex, a few, thin strands of RER and bundles of microfilaments/fibrillar material (Fig. 4) . A number of intraepithelial lymphocytes were also observed in the epithelium (Fig. 1) .
Immunohistochemistry
Generally, vimentin and cytokeratin intermediate filaments were immunonegative in the various segments of the epididymal duct unit as shown in Table 1 . The epithelium, as well as the inner layer of the periductal tissue and tunica intima, was also immunonegative to actin and desmin (some areas in the epithelium were, at best, very weakly positive for desmin) intermediate filaments. The outer, but not the one or two innermost cell, layers of the periductal tissue showed slight to moderate immunopositivity to actin intermediate filament ( Fig. 5a and Table 1 ).
The spermatozoa, in all the ducts, including the epididymal unit ducts, were moderately to strongly immunostained to actin. The capsular tissue of the epididymal duct unit showed two degrees of actin immunopositivity: sparsely immunostained bundles and strongly immunostained strands of tissue. The tunica adventitia of the blood vessels was also strongly immunopositive to actin as shown in Fig. 5a and Table 1. There was a weak to moderate positive immunoreaction to desmin in the outer layer of the periductal tissue (Fig. 5b and Table 1 ). The capsular tissue of the epididymal duct unit showed scattered bundles of moderately to strongly immunopositive reaction for desmin while those of the tunica adventitia of the various blood vessels (Fig. 5c) were uniform and strong.
Discussion
The projection of regular, moderately long microvilli and a solitary cilium from the surface of the NC type III cell of the ostrich (Aire and Soley, 2000) is similar to that described for some other birds (Aire, 1982; Aire and Josling, 2000) , but adjacent membranes are relatively simple and are not as intricately and complexly folded as in domestic anseriform and galliform birds .
The cytoplasmic organelle content suggests a secretory role for the NC type III cell of the ostrich because of the presence of moderately abundant SER and SGER, a moderately developed but extensive Golgi complex, and secretory vesicles in the sub-apical zone of the cell. As in other birds , the Golgi complex of the ostrich displays only four saccules, unlike in rats which generally have about eight saccules (Hermo et al., 1991) . The significance of this differential in number of saccules between mammals and birds, with regard to function of this organelle, is not clearly understood. The endoplasmic reticulum of the cell in the ostrich is similar to that seen in the drake, and which exhibits a predominance of SGER. Dense granules, probably secretory granules in the cell of the ostrich are, however, similar to those described for the domestic fowl by Tingari (1972) , in having a homogeneously dense content, but dissimilar to those of the drake that contain centrally located, apparently inspissated, secretory material . The presence of usually few subapical vesicles containing centrally-located inspissated material in the ostrich suggests that this cell may produce, at least, two types of secretions of varying composition and density. They could, however, be absorptive vesicles. In the Japanese quail and turkey, secretory vesicles are not a prominent feature in this cell. Instead, microtubules are well developed and conspicuous in the area proximal to the Golgi complex. Microtubules are now known to play an active role in the transport of cellular secretory products (Darnell et al., 1990) , and could be particularly important in cells that omit the concentration of secretory material, and, thus, lack secretion granules (Palade, 1975) . The epididymal duct unit of the ostrich, as in other birds studied (Tingari, 1972; Hess and Thurston, 1977; , may have a minimal role in fluid absorption as has been determined in the Japanese quail (Clulow and Jones, 1988) .
The presence of a solitary, heterogeneous lipid droplet in the immediate supranuclear region of the cell has also been reported in the rete testis, as well as the efferent ducts, of the ostrich (Aire and Soley, 2003; Ozegbe et al., 2006) . The significance of this droplet is not known, but it may be regarded as a species-characteristic feature of these non-ciliated cell types in the ostrich. Basal cells are present only in the epididymal duct unit of the excurrent ducts of birds, and they increase in number distally. Their functions in the epididymal duct of animals are not clearly understood, but recent studies have shown that they may be involved in a number of processes in the epithelium, including but not limited to, immunological functions, being tissue-fixed macrophages in the epithelium (Seiler et al., 1998 (Seiler et al., , 2000 Holschbach and Cooper, 2002) and the ability to grow around and, thus, sequester spermatozoa from a damaged epithelium (Aruldhas et al., 2004) .
Smooth muscle actin and desmin intermediate filaments are found in contractile cells (Van Nassauw et al., 1993) . Both actin and desmin intermediate filaments have only recently been described in the excurrent ducts of the testis of the domestic fowl (Maretta and Marettová, 2004) . The immunohistochemical results indicate that actin MF and desmin IF are focally and only moderately immunoexpressed in the epithelium of both the connecting and epididymal ducts. The absence of actin activity in the epithelium of the excurrent ducts of the testis was reported by Maretta and Marettová (2004) in the domestic fowl. However, in mammals, Achtstätter et al. (1985) , Kasper and Stosiek (1989) , Dinges et al. (1991) and Palacios et al. (1993) in humans, and Wakui et al. (1994) in the dog, have demonstrated cytokeratins and vimentin in the epididymal epithelium. It is not known, if these differences in the presence of IFs in epithelial cells of the epididymal duct between mammals and the ostrich are related to differences in cellular function.
A moderate to strong presence of actin and desmin, but not cytokeratin and vimentin, in the interductal tissue in the ostrich, is, also, in consonance with observations made in the domestic fowl by Maretta and Marettová (2004) . The contractile cells in this tissue appear to be necessary for onward propulsion of spermatozoa from both the epididymal duct unit and the epididymis, as a whole. The connecting and epididymal duct epithelium (E) is generally immunonegative to actin, but a few a foci (inset) are immunopositive, at higher magnification. The periductal smooth muscle layer (long arrows) and the tunica adventitia (T) are strongly and moderately positive for actin and desmin, respectively. Spermatozoa (S) in the ductal lumen are moderately to strongly immunopositive to actin. (b) The connecting duct of the ostrich shows moderately to strongly desmin immunoreactivity in the periductal muscular layer (long arrow), but the E which is generally immunonegative, displays a few foci (probably macrophages or intraepithelial lymphocytes), of slight desmin immunoreactivity (thick arrowhead). The periductal connective tissue (T) is moderately positive to desmin. S in the ductal lumen is weakly immunopositive to desmin.
